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1. Title of the Invention ! NON- VOLATILE SEMICONDUCTOR MEMORY 

DEVICE 

2 . Claim 

A non-volatile semiconductor memory device with the following 
characteristics: In a non-volatile semiconductor memory device 
which is characterized by a floating gate structure and wherein, 
information is electrically encoded and erased by a tunnel current 
via a thin insulating film, the following are included: A first 
polycrystalline silicon layer which has been formed above a 
semiconductor substrate via an insulating film and which serves as 
said floating gate, a second polycrystalline silicon layer which 
has been configured in such a way that it will partially cover said 
first polycrystalline silicon layer via an insulating film, and a 
third polycrystalline silicon layer which is configured in such a 
way that it will partially cover said second polycrystalline 
silicon layer via an insulating film and which is electrically 
connected to said first polycrystalline silicon layer in such a way 
that a region for generating a tunnel current will be formed above 
said semiconductor substrate via said thin insulating film. 

3 . Detailed explanation of the invention 



^Numbers in the margin indicate pagination in the foreign text 



(Industrial application fields of the invention) 

The present invention concerns a non-volatile semiconductor 
memory device which possesses a mechanism for implanting (drawing) 
electrons into (from) ah electroconductive layer by a tunnel 
current via a thin insulating film. 

(Prior art of the invention) 

A typical conventional non-volatile semiconductor memory 
device which possesses a mechanism for implanting (drawing) 
electrons into (from) an electroconductive layer by a tunnel 
current via a thin insulating film (hereafter referred to simply as 
the "memiory") is characterized by the plane structure shown in 
Figure 7. A cross-sectional view of the A-A' segment in Figure 7 
is shown in Figure 8 in order to explain the encoding and erasure 
principles. A memory with such a structure can be obtained by 
forming the field insulating film (2) , a gate insulating film for 
the channel region (9), and the gate insulating film (3), through 
which a tunnel current is permeated, above the p-type semiconductor 
substrate (1) by the LOCOS method, by configuring the n-type 
diffusion layer (5) underneath the gate insulating film (3) , and by 
laminating the floating gate (6) , gate insulating film (7) , and the 
control gate (8) in proper order above the thin gate insulating 
film (3) . 

In a case where information is encoded into or erased from /2 
this memory, a voltage is impressed between the n-type diffusion 
layer (5) and the control gate (8) , and a high electrical field is 



4 



impressed on the interior of the tin gate insulating film (3) 
(e.g., Si02 film) as a result of the capacitance coupling among the 
n-type diffusion layer (5), floating gate (6), and control gate 

(8) . As a result, a Fowler-Nordheim tunnel current which is 
permeated through the tunnel current region (10) is generated. 
After electrons have been thus implanted from the floating gate (6) 
or the electrons have been drawn from the floating gate (6) , the 
threshold voltage from the control gate (8) to the channel region 

(9) of the memory transistor is altered. 

(Problems to be solved by the invention) 

In such a case, the speed at which the information is encoded 
or erased depends on the voltage impressed between the respective 
electrodes, thickness of the thin gate insulating film (3), 
capacitance ratio among the electrodes, etc. In order to increase 
the speed, it is desirable to increase the impression voltage, to 
reduce the thickness of the thin gate insulating film (3) , and to 
increase the relative capacitance between the. floating gate and 
control gate with respect to the capacity of the remainder 

(hereafter referred to simply as the "improvement of the 
capacitance ratio") . There are restrictions on the elevation of 
the impression voltage in consideration of the voltage resistance 
of the memory, etc. There is also a limit to the thickness 
reduction of the gate insulating film due to pinhole density gains, 
insulation breakdowns, etc. A method wherein the gat:e insulating 
film thickness is reduced between the floating gate and control 
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gate and a method wherein the overlap area is maximized are 
conceivable for actually improving the capacitance ratio. There is 
a limit to the reduction of the insulating film thickness in 
consideration of the leak current between the two gates and the 
insulation breakdown. In a case where the overlap area is 
enlarged, the device area is enlarged, which hinders attempts to 
increase the degree of integration. 

As far as the memory performances are concerned, in a case 
where a floating gate is formed above a diffusion layer via a thin 
gate insulating film and where a high- temperature thermal treatment 
is. subsequently performed at 950°C or higher (e.g., thermal 
treatment which is performed for activating arsenic ions which have 
been implanted for forming a source-drain region, etc.), as in the 
conventional method, the interfacial state between the floating 
gate and the thin gate insulating film underneath it changes, and 
as a result, the quantities of charges permeated through the gate 
insulating film until the point of insulation breakdown are known 
to decrease. In other words, it is desirable that a process 
whereby a thin gate insulating film through which a tunnel current 
is permeated is formed and a process whereby a floating gate is 
formed above it be implemented at later stages of the memory 
production and that no thermal treatment be subsequently performed 
whatsoever. In the conventional process which utilizes the double- 
layer polycrystalline silicon technology, however, it is impossible 
to meet such a requirement . 

The objective of the present invention is to provide a high- 
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degree-of -integration, high-density non-volatile semiconductor 
memory device which is capable of enlarging the overlap area 
between the floating gate and control gate without enlarging the 
memory cell area, which is capable of actualizing a process which 
requires no high- temperature thermal treatment after the formations 
of a tunnel insulating film and a floating gate above it, and which 
enables high-speed encoding and erasure actions in high 
reliability. 

(Mechanism for solving the problems) 

The non-volatile semiconductor memory device of the present 
invention is characterized as follows: In a non-volatile 
semiconductor memory device which is characterized by a floating 
gate structure and wherein information is electrically encoded and 
erased by a tunnel current via a thin insulating film, the 
following are included: A first polycrystalline silicon layer which 
has been formed above a semiconductor substrate via an insulating 
film and which serves as said floating gate, a second 
polycrystalline silicon layer which has been configured in such a 
way that it will partially cover said first polycrystalline silicon 
layer via an insulating film, and a third polycrystalline silicon 
layer which is configured in such a way that it will partially 
cover said second polycrystalline silicon layer via an insulating 
film and which is electrically connected to said first 
polycrystalline silicon layer in such a way that a region for 
generating a tunnel current will be formed above said semiconductor 



substrate via said thin insulating film. 



(Application examples of the invention) 

in the paragraphs to follow, application examples of the 
present invention will be explained with reference to figures. 

Figure 1 shows a plane view of an application example of the 
present invention. Figures 2 through 4 show cross -sectional views 
of the B-B', C-C, and D-D' segments in Figure 1, respectively. 

The following are formed in the present application example. 
First, the field oxide film (12) is formed on the surface of the p- 
type semiconductor substrate (11) by an ordinary LOCOS method, and 
the gate oxide film (14) is formed in the channel region (19) of 
the memory transistor. Subsequently, the first polycrystalline 
silicon layer which serves as the floating gate (16) is formed, /3 
followed by its patterning. After its surface has subsequently ■ 
been oxidized, the gate oxide film (17) is obtained. After the 
second polycrystalline silicon layer which serves as the control 
gate (18) has subsequently been formed, it is patterned, and after 
its surface has been oxidized, the gate oxide film (21) is formed. 
In such a case, the control gate (18) is formed in such a way that^^o 
it will cover the floating gate (16) . The floating gate (16) is 
partially let extrude to the outside of the control gate (18) , as 
Figure 4 indicates. Subsequently, arsenic ions are implanted for 
the purpose of forming the drain region (23) and source region 
(24) , and after an appropriate thermal treatment has been carried<^\~^ 
out, the oxide film above the drain region (23) is partially 
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removed, and the thin gate oxide film (25) with a thickness of 
approximately 100 A is formed. Moreover, the contact hole (26) is 
opened on the segment of the floating gate (16) , which extrudes to 
the outside of the control gate (18), and after the oxide film has 
been removed, the surface of the floating gate (16) in this segment p 
is exposed. Subsequently, the third polycrystalline silicon layer 
is formed, and the auxiliary floating gate (22) is formed by 
patterning the resulting structure in such a way that the contact 
hole (26) and at least part of the thin gate oxide film (25) will 
be covered. As a result, the auxiliary floating gate (22) is 
electrically conducted with the floating gate (16) , and an 
integrated floating gate structure is obtained. The capacitance 
between the floating gate and control gate is efficiently set based 
on both the upper and lower planes of the control gate. 

Subsequently, an interlayer film is formed according to /S 
procedures similar to those in a conventional method for 
manufacturing a MOS-type semiconductor device, and after a contact 
hole has been formed, metal wires, etc. are applied. In other 
words, no high- temperature thermal treatment which exerts adverse 
effects on the interface between the auxiliary floating gate (22)^0 
and the gate oxide film (25) is required whatsoever after the 
formation of the thin gate oxide film (25) and the subsequent 
formation of the auxiliary floating gate (22) by using the third 
polycrystalline silicon layer. (20) is a tunnel current region in 
which a tunnel current is permeated, i ^ 

As the foregoing explanations clearly demonstrate, the 



insulating film thickness between the floating gate and control 
gate is maintained at a constant level in the present application 
example, and the area of the memory cell is maintained at a 
constant level while the capacitance between the floating gate and 
control gate is being virtually doubled. As a result, the 
capacitance ratio is improved without adversely affecting the 
reliability of the device whatsoever, and the information can be 
encoded and erased at high speeds. Since a process which requires 
no high- temperature thermal treatment after the formation of a thin 
insulating film in which a tunnel current is permeated and the 
formation of an auxiliary floating gate above it can be actualized, 
the memory life can be significantly improved in response to 
encoding/erasure cycles, and the overall reliability can be 
improved . 

Examples of improved memory performances are shown in Figures 
5 and 6. In Figure 5, only the structure is compared with its 
conventional counterpart while the insulating film thickness 
between the floating gate and control gate and the memory cell area 
are being standardized. It can be seen that the time for obtaining 
a given threshold voltage is improved by nearly a fulll unit of 
magnitude. 

Figure 6 shows the comparisons of cumulative defective bit 
production frequencies of devices with inproved capacitance ratios 
wherein floating gates are formed on the upper and lower surfaces 
of the control gate, as in the present invention, after encoding 
and erasure have been repeatedly performed at an invariable 
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4. Brief explanation of the figures 

Figure 1 shows a plane view of an application example of the 
present invention. . Figures 2 through 4 show cross -sectional /4 
views of the B-B', C-C\ and D-D' segments in Figure 1, 
respect ively! Figures 5 and. 6 are charts which compare the 
performances in an application example of the present invention and 
a conventional example. Figure 7 shows a plane view of a 
conventional example. Figure 8 shows a cross-sectional view of the 
A-A' segment in Figure 7. 

(11) : p-Type semiconductor substrate; (12) : Field oxide film; (14) : 
Gate oxide film; (16) : Floating gate; (17) : Gate oxide film; (18) : 
Control gate; (19): Channel region; (20): Tunnel current region; 
(21) : Gate oxide film; (22) : Auxiliary floating gate; (23) : Drain 
region; (24) : Source region; (25) : Thin gate oxide film; (26) : 
Contact hole. 

Figure 1 



[(19): Channel region; (20): Tunnel current region; (26): Contact 
hole] 



Figure 2 



[(11): p-Type semiconductor substrate; (12): Field oxide film; 
(14) : Gate oxide film; (16) : Floating gate; (17) : Gate oxide film; 
(18) : Control gate; (21) : Gate oxide film; (22) : Auxiliary floating 
gate; (23) : Drain region; (24) : Source region; (25) : Thin gate 
oxide film] 

Figure 3 



[(16): Floating gate; (18): Control gate; (22): Auxiliary floating 
gate] 

Figure 4 
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[(16): Floating gate; (18): Control gate; (22): Auxiliary floating 
gate; (26) : Contact hole] 

Figure 5 



[(1) : Variation of the threshold voltage of the memory cell; (2) : 
Time; (3): Erasure; (4): Encoding; (5) application example; (6) 
conventional example] 

Figure 6 



[(1): Cumulative defective bit frequency; (2): Repetition 
frequency; (3) : Conventional embodiment; (4) : Application example] 

FAqmrg 7 /5 
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[(9): Channel region; (10): Tunnel current region] 



Figure 9 



[(1): p-Type semiconductor substrate; (2): Field insulating film; 
(3) : Thin gate insulating film; (5) : n-Type diffusion layer; (6) : 
Floating gate; (7) : Gate insulating film; (8) : Control gate] 
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